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Ooacftptton 

Field of the Invention 

This invention rotates lo electrceurgral ttosue treat- 
ment, and in particular. to a method and appafatus lor 
controlling ma eftectrosurpcal treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

i 

Background of the Invention 

Electroaurgica) generators are used to deliver ther- 
apeutic electrical energy to surgical instruments. These 
instruments are used for example, tor culling, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar Generators typically supply electro- 
surgical energy m the redo frequency (RF) range to such 
^ruments. Usually such generators include controls 
that regulate the voltage and/or current so mat a select 
power level it approximately delivered and a maximum 
power level is not exceeded. 

V/hen such RF generators are used, the pnmary 
control is the experience of the surgeon who responds 
towhattoobsenredtobehapper^^ 
treated with the RF energy. Often. partkaitarly f or endo- 
scopic procedures, surgeons cannot readily see what is 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quckfy so as 
not to afford time for the surgeon to react soon enough 
to turn off etoUiiual energy to the instrument As a result, 
some problems which may occur include tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment, and over or %tnt$m treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy is applied to the tissue. Attempts 
have been made to com rot the power delivered io the 
tissue as the tissue i m pe da nce changes. For example, 
current has been controlled based on the change in the 
voltage or the power delivered by the generator to tissue. 
The differential quotient of tissue irnpedance as RF pow- 
or to applied to the tissue has been used to determine 
an initial power level and to switch oft RF p ower when 
the drfferenttal quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangements, there 
is a continuing need tor improvement in the control of 
elect rosurgical energy deliverance to the tissue anoVbr 
extermination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a devcs and 
method for determining the end pant of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
van/wig tissue composition, tissue types and treated tis- 
sue areas anoYor volumes. 

The present invention relates to a device and meth- 
od of the type described n EP-A-0 640 317. 



Summery of the Invention 

The present invention provides an mpedance mon- 
itoring device ancVor method which monitors the vnped- 

& ance of tissue between poles of a therapeutic electrosur- 
gical instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electrosurgical energy, the monitored tissue impedance 
is used to determine tissue status. This wifl be described 

'o in mora detail below; A signal Indicating status of tissue 
is provided other to 8 user or to An thetrurnsnt oonttosor. 
The device may also thctude a switch which aaomati- 
catry turns off the •lectricsJ energy when treatment is 

*5 in accordance with the present invention, a tissue 
irnpedance monitor is provided which corttinuousfy 
measuna tissue impedance as etectncat energy to de- 
livered to tissue. According to known tissue irrxsodance 
models, tissue srpo dan c e intiafly drops as oleetncal en- 
20 orgy to eppfcod and tt*en i*eg^ tori 

tatton occurs. The present invention provides for estab- 
lishing a vajue for the minimum impedance, ie.. when 
the impedance is at Us lowe st value as the energy is ap- 
pked. The*, the mpedance value anticipated to provide 
« the desiretl tissue effect is gstermsned by calculating a 
selected function of the established minimum irnped- 
ance. When the measured tmpedsnce rises to the level 
of the impedance value for the desired result, s.g. t co- 
agulation, tissue wo fd a ig or a level of diathermy, the in- 
M strum ent win indicate or provide a response for such 
event. The present invention Is preferably adapted so 
that the condtion is detected for a range of expected tto- 
sue impedances which varies according to tissue type, 
area and/or volume, 
•tf In a preferred errxxxliment the desired tissue condi- 
tion to where coagulation is completed. When this point 
has been reached a feodum fci Ign at Is provided to aeon- 
trot unit or to the user, at which time the energy supply 
is switched oft. The feedback signal may. for example. 
*0 provide a visual, audfefte or tactile sjgjnal to a user, and/or 
may provide instructions to a control unit to automatcaly 
turn off energy s upplied to the tissue. 

Optionally, the device may also rtcfude a switch, 
adapted to turn off electrical energy when a short circuit 
<** condition is detected, when an open circuit cuio x ton is 
detected or when the device is on. i.e^ supplying current 
or votage for a preset maxjmum amount of time. 

in accordance wth one aspect of the present nven- 
Uon. an electr os urgical apparatus for coagulating tissue 
so during a surgical procedure comp ri s es an end effector 
with opposing mtertactng surfaces which may bs closed 
towards each other to engage ttosue to be etectrosurgt- 
cafy treated. Preferably me end effector includes first 
and second elements movable relative to one another 
" tor enp^agtog bssue to be coagulated therebetween At 
least one of the ejoctrrraipdos erf tto 
prised of an e l e c t r ode a s so ciat ed with at toast one of the 

«r»1 and mco#w* ■h wm m , TH* »i»cXrod» m in cenMM 



SO 



02/28'97 12:08 REEDFAX 914155253057 



NO. 183 P033 



EP 0 703 461 A2 



with the tissue to be coagulated. A power controller re- 
sponsive to a power control stone! provides RF energy 
to the tissue contacUng electrode(s> of the first and/or 
second element*. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrode* corresponding to the first and 
second poles Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor deterrnntng a minimum imped- 
ance value end holding said minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining c*- 
cus determine* a threshold impedance value as a func- 
tion of the held minimum impedance value. 

the threshold oat errrw>ing circuit may comprise an 
analog devce tor determining the function of minimum 
• impedance or a digital crcuil including, for example, a 
look up table for determining the threshold impedance 
value based on an input minimum impedance vakie. 

After a threshold value has been determined, a first 
comparator compares the measured impedance value 
to threshold impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSvered to the tissue upon the condition of.the 
measured vr^>edance vatuo exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical- 
switch tor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 
second ele m ents. 

The power controller may selectively switch oft the 
power suppled to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the rrieasured irnpedance value exceeds the 
threshold irnpedance value, when an open circuit condi- 
tion or a short circuit condition exists, or if voltage and 
current is suppbed tor a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range c^ermriedtby a system 
load curve. The control device usee measured load im- 
pedance to deterrmne me desired energy level output 
and compares the desired energy output to the actual 
energy cfetryered to a target including tissue. The control 
device takes the resuftng comparison and controls the 
generator output accorcSngty. 

Atthough Ithe instrument may be a monopol a r device 
or a multipolar device ncluding two or more than two 
poles, the end effector preferably include two electrical- 
ly opposite electrodes corresponding to two electrically 
opposfte poles. 

in the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
berth of the opposing surfaces. Each of the first and sec- 
ond electncaBy opposite poles comprises at least one tis- 
sue contact vto ele ctro de. The electrode* are erranoed 
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on the distal end of the elect rosurgtcal device so that 
when me first and second elements close together to en- 
gage tissue, c^posde electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 
ing circuit monitors the irnpedance of the tissue between 
the electrodes durvtg the deWery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares me measured Impedance 
values to the determined threshold irnpedance value and 
generates a control signal to switch off the RF power de- 
livered to the tissue; upon the condrtion of measured im- 
pedance value exceeolng the threehotd impedance val- 
ue. 

In one preferred emoodinent each c4 the etocuode© 
eorieaponc^ to the first otset with respect to 

the interfacing surface from each of the electrodes cor- 
responding to the second pole. In other words, the elec- 
trades are offset from each other so that they are not 
ctemetricaJfy opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface: 

In the preferred etnbob^ment the electrosurgcal in- 
strument congresses tissue in a cbrnpreseion zone be- 
tween the first interfacing surf ace and the second* inter- 
lacing surtace end applies electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a cc^npression rk*ge on one 
of the vttertacing surfaces which ccnipmsses the tissue 
against the other interlacing surtace: Alternatively or in 
adcStion. there may be a compression ridge on both in- 
terfacing surfaces. 

One embodiment indoors a cutting elernent asso- 
ciated with an end effector. The cutting element b ar- 
ranged to cut tissue at or r>ear coagulation site. Pref- 
erably. coagulation is completed prior to any me- 
chanical or other cutting at or around the ccaiguiation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through the coagulated tis- 
sue or between two zones of tissue coagulation 

In another ernbevftmerit Ihe herrxjstatic device is in- 
corporated into a linear culler similar to a linear cutting 
mechanical stapler. In this embodvnent the hemostatic 
device comprise* two subetanoaty parallel and elongat- 
ed electrode bars which are as s ocia t ed with one pole, 
and a slot fcx cuttir^ nwahe to travel between the bare 
Optionally one or more rows of staples may provide on 
each side of the slot and bars to provide aotfuonal he- 
mostasis. 

In operation, tissue is clamped between two fawaol 
the instrument and electrical energy in the form of radio 
frequency (W*) energy is suppeed to the cornpreesed 
tissue to coagulate or cauterize blood vessels etongthe 
two substantially paratelbars. Based on the irnpedance 
modeling of the device with this epectfte electrode con- 
figuration, an appropriate function of the minimum im- 
pedance is incorporated «to the impedance feedback 

circuit to<*at« " 
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level. A warning mechanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold vnpedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate nstrument response, 
including where appropriate to turn off the RF energy de- 
I vered to the tissue. 

In accordance with another aspect of the present in* 
vention a method of operating apparatus for etectrosor- 
gjcaity Ueatng tissue during surgical procedure is pro- 
vided. Accordingly, a preferred method cornpnses me 
slope ot applying RF energy to tissue to be elect rosur- 
gieafJy treated by means of an electrosurgical instru- 
ment: measuring the impedance of the tissue between 
electrodes corresponds to two poles of the electrosur- 
gicai instrument; generating the impedance signal rep- 
resentative of the impedance ^ of the tissue; and control- 
ling the RF energy applied to the etectrcaurgical instru- 
ment in response to the impedance signal 

The step of comrofng toe R? energy appead to the 
electrosurgical inslmment may cornphse the steps of: 
determining and holding mwnum rnpedance value; do- 
t erming a thresh^ 

tion of the rrWwnum rnpedance valus.companngmeas* 
ured impedance values to the threshold impedance val- 
ua; arid generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value eK cs adi tg the threshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus for coagulating tissue during surgical procedure 
comprises the steps ot providing an els cUos u r gical in- 
strument havir>g an end effector ccrripnsing the first and 
second tissue engagjngsurtaces, at leaat one of eaid first 
and second tissue engaging surfaces including thereon 
a tissue contacting •iectfode. associated wrth a first pole 
of an electrosurgical systemarvial least one of said first 
and second tissue en gag ing surfaces containing thereon 
a second tissue contacting e l ect r ode associated with a 
second pole of the system; engaging tis*i>e to be coag- 
ulated between the first and second tissue engaging sur- 
faces; selectrvery'ccntrolling RF energy Jup pKed to the 
first and second tissue contacting electrodes for coagu- 
latihg issue posiiooed the r ebetween: measuring the im- 
pedance of the treatad tissue; detorrrwntng and holding 
a rnirttmum impedance value: deter m i ni n g a threshold 
impedance value based on a function of the minimum 
impedance value; comparing measured impedance vat- : 
ues to the threshold rnpe da nce value; and controlling or 
•witching off the RF energy connec te d to Vie first and 
second electrodes upon the condition of the measured 
impedance value exceeding the threshold impedance 
value. "■ 

Other objects and advantages of the invention wtl 
apparent from the fosowing description, me accompany- 
ing drawings and the fosowing cfavvts * 



Brief Description of the Drawings 

Fig. t is a side view of a bipolar endoscopic electro- 
surgeal instrument operable in accordance with the 
s present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the nstrument of Fig. 1 in an open position; 

re fig. 3 is a partial cross-sectional view of the distal 
end of the instrument in Fig. 1 in a closed, untired 

position; 

Fig. 4 is a partial cross sectional view of the dUtai 
r$ end of the iristrumsnt in a cfo^ 

Fig. 5 is a Iront cross sectional view of the distal end 
of the instrument of Fig. 1 along the tine 5-5; 

20 figs 6-9 represent a sc h ema ti c block diagriam of a 
microprocessor controfled impedance monitoring 
apparatus for controlling thaRF energy delivered by 
electrosurgical rotrument of Figure i;^ ' 

2S Fig. 1 0 is a schematic block diagram of an analog 
ernbodmtent of the controller tot use In the appara- 
tus of Figure t ; ^* , 

Fig. 11 isa logic diagram of ^comrofler ofFig 10 
so iSustrating control logic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change in irnpe da n c e over time during application 
of electrosurgical energy to tissue using the etectro- 
js surgical mtrument «ustrated in Figure 1 . 

OetefHi O~erfptton of ttiejfcnyjpl^ 

While the present invention ia gatteratry applicable 
40 to a variety of els caus u iu j caJ instruments both ^tnonopo- 
& and multipolar, and 

ie. rt wdl be described herein wim reference to a bipolar 
linear cutting Instrument 

The primary purpose of thief impedance men to ring 

45 device* to determir* when 

toadesiredck>gfee Profer^th^ 
ed when the tissue has been cauterized and before ex- 
cessive tissue sacking, burning or charring occurs. The 
impedanca of tissue as it is being heated w4h eiectro- 

so surgicsi energy generattytctlow^ 

irnpedance curve. According to the impedance curve, 
generafty the impedanca win decrease, arrive at a mini* 
mum value, and then rise as coagulation and tissue des- 
iccation occurs. At an irnpedance or within a range of 

ss irnpeaances on a characteristic curve. coagUabon win 
predictably occur. 

Figure 12 b a characteristic impedance curve i 

tralino th* chano* m tmm.um k 
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the appJcaton of electros urgcal energy using the elec- 
trosurgtcal instrument illustrated in Figs. VS. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. Z^., 46. 
This impedance is based on the value ot the lowest im- 
pedance on the curve. 2^ 4S. Le when the impedance 
has stopped tailing and begins to nse. A function ot the 
minimum impedance '(Z^) b used to approximately 
predict a point at which coagulation occurs. Z^^t 46 

Referring now to Fig. 10 there is iousuated a sche- 
matic block diagram of en analog embodiment of the wv 
pedance ^monitoring device ol the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete as wet as other instrument parame- 
ters, tor example, ri there is an open circuit, short circuit 
or if voftage and current ts supplied to the tissue for more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
anoVor tissue engaged by the instrument. For example, 
if excessive, not enough, or xiappropriate tissue is en- 
gaged by the instrument: 

The instrument 10 is positioned to engage tissue to 
be treated. Then, when appropriately possioned. RF en- 
ergy rs supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector. 15 of the instrument 10 Pref- 
erably. 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform aL a frequency of 
abciut300Khzto3Mh2rssuppliedwimacunentc4abcuit 
0 1 to 4 0 amps. The generator 70 is turned on by a user 
operated switch 42 The user operated switch 42 pro* 
vides a signal to the oontrottor 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
swxeh 1 30 When output 1 29 provides an •RFon* signal 
to the switch. 1 30. an osctlator 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 
of a known frequency to the analog mutjpfcer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF ampURer 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 60 which includes the first electrode 39 and 
second electrode <anvil 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current, and voftage delivered to the tissue is 
measured and an RMS current Or us*) and an RMS volt- 
age ("Vrms*) is determined. 

A voftage and current sensor 61 senses the current 
and voftage delivered to the tissue. The voftage and cur* 
rent sensor 61 includes a low im pedan c e current trans- 
f ormer 62 in series wrth the generator 70; and a high* 
impedance voltage transformer 63 connected in paraftel 
across tfte generator 70. Preferably the current trans- 
former 82 has. for. example, a 1 :20 winding ratio and a 
SO ohm resistor in paiaOel with the secondary of the 
transformer. Preferably the voftage transformer 83 has. 
tor example, a 20:1 wincSng ratio and a IK ohm resistor 
in paraM with the secondary of the transformer 

The output of the currant transformer 82 is couoted 
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to en RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of I*ms- T"* output of the voftage trans- 
former 83 is coupled to an RMS converter 85. The RMS 
converter 85 converts the voltage signal into an DC sig- 
nal and provrie output 87, representative of V RMS . 

The measured impedance. Z, is then calculated 
from the measured 1r ms and V^. The outputs 87. 85 
of V RMS and I bus aro supplied to an analog divider 88 
which divides the V-^ by the current Irms to provide 
an output signal 89 representative of the measured im- 
pedance, Z 

From the Im**. Vitus and measured impedance. Z, 
the impedance monitoring device determines whether a 
short circuit or open circuftoondr fi onextsts. whether volt- 
age and current has been delivered for an amount of time 
exceeding a predetermined maximum, and whether co- 
agulation ts co m ple te. 

A short circuit condrtion is determined by comparing 
the measured irnpedance. Z. to. a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is Mcey to exist (*Z SC *). If the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

The impedance signal 89 Is input to a short circuit 
detector 90 comprised of a comparator; The positive in- 
put 92 of the comparator is connected to a potentiometer 
93 which sett the threshold impedance. Z$c- When the 
irrpsoance signal 89 causes the input at the negative 
input 94 of the comparator 91 to be tower than that atfhe 
positive input 92. an *on # condition occurs at the output 
95 ot the comparator 91 . This condi ti on is communicated 
toalogKrcontroter 79whk^provxiesapreprc^farTtm^ 
instrument response, which, in this embodiment, in- 
cludes turning off RF energy. 

An open cxcuit condition exists it there is a voltage 
between me electrodes 18. 39. and no current An open 
circuit is ottermrned as follows: If the is above a 
predetermined minimum threshold indicating a voltage, 
V^^.arxJuiel*^isbefc^apreo*tem 
current threshold irvJcating a current I*,***, then an 
open circuit signal is provided to a controller. 

A currant threshold detector 106 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 
tentiometer 107 sets the 1*^*, level so that when a cur- 
rent is present, the current detector 106 win indicate as 
such. The 1-^ signal 66 is connected to the powbve in- 
put 109 of the comparator 106. Thus, when the I*-** is 
greater than the value, 1*^' set by the potsrtflometer 
107. a posftrve voftage appears at the output 110 of the 
current threshold detector 106. 

Similarly, a vortage threshold detector 113 includes 
apotemiomeier ll4conr*ectedtotfier*ev»trveinout 115. 
The potentiometer 114 sets tie voftage threshold at 
which the threshold detector 1 1 3 registers a posftrve out- 
put. v mr— ri when a minimum voftage Is present. The 
Vnus signal is input to the positive input 116 of tie 

threshold doi«etar 113 THu*. tt t*m *** 
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v «mh sot by the potentKxneter 114. a positive voltage 
wiU appear at the output 11 7 of the voftage threshold de- 
tector 113. 

The output 1 1 7 of the voltage threshold detector 1 1 3 
is ateo coupled to an AND gate m and the output 110 
of the current threshold detector 106 is coupled to an in* 
verted input 11 2 of the AND gale 1 11 : The ANO gate ill 
acts as an open circuit detector. When the V^ms exceeds 
me v «»Mh and where the does not exceed l^^,, 
a logic 1 wiU appear at the output 120 of the ANO gate 
111 indicating an c^en circuit. Ihe output 120 of the ANO 
gate 1 11 is coupled to the controller 79 to communicate 
tne open circuit status. 

If current or voltage is supplied an extended period 
arums and a coagulation complete condition has not 
been, detected, it may indicate, lor example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred, tf the V ftMS b above the predetemuned 
v mmwh or *«ms * above I*,**,, then a timer ts turned 
on. If the timer is on for a period of time greater than a 
predetermined maximum amount of time. T^. then a 
*me over signal ts provided to the controBer. If the dura- 
lion of the tsner on is not greater than T^ then the de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current, voltage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 106 
ts coupled to an OR gate 1 18 which is coupled to a timer 
12V If the (f^ig exceeds the 1^^. the output 110 of the 
current threshold detector 106 win present a logic 1 to 
the OR gate 118 which wiO then turn on the timer 1 21 

Similarly the output 1 1 7 of the voltage tfweshoW de- 
tector 113 is coupled to me OR oaie 118. tt the V mr ^ is 
ajtc eeded by V,^. the OR gate 110 wilt present a tog* 
1 at its output 11 9 and turn on the timer 121. The output 
l23of the timer 121 is coupled to me controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset mreshold time. T^. me output 
123 w* be a logic 1. The timer is reset with the user ac- 
tivated swsch 42 which is coupled to me timer resel input 
122, when me instrument 10 is reset 

A coagulation complete condition ts determined as 
foeows: First. is determined. Then, a target vnped- 
ance at which coagulation is complete. Z^^. is calcu- 
lated as a function of me minimum impedance The initial 
impedance, 2**,. Z^^,. slope of the impedance curve, 
and time to complete may vary for a given application 
andtor instrument, but tend to correlate to a function of 
minimum impedance. Depending on the instrument used 
andAx the actual desired result tne actual function of 
mrumum impedance may vary. In this particular embod- 
***** '(Z**,) is tnear: '(Z,**) = 0 2Z ♦ 500 This function 
ts bound, i.e., where is > 560 ohms, then 2^ 9mt ts 
2^ ♦ 50 ohms. ffZ^) may be a dtfferent function. It 
may be concrtuous. non-continuous, ftineer. non-frtear, a 
piecewise approoomaUon and/or in me form ol a took- up 
1a bte HZmtn) may also be bound at different values. 
Tne impedance signal 69 is used to cfetermine tissue 
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coagulation as foflows: First, a determination is made 
whether the measured 2 is a minimum impedance. Z^ in . 
Tne vnpedance signal B9 is inverted and offset by a ga'irt 
offset inverter 96. The output of the gain offset inverter 
96 is in turn is coupled to a peatc detector 97. The output 
t02 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e., {-2+k) Z^ will now 
be me highest offset value of (-Z ♦ k) encountered 

The peak detector 97 thus detects and holds the 
highest value of the inverted and offset measured imped- 
ance, Z which isZ^.VvhenZ^ has occurred, the out- 
put 103of thep^kdeteciof 97breprB*«itath/ec)f (Z^ 
' * k) RF energy is continued lobe applied lo the tissue 
and the rnonitoring for short circuit, open circuit and time 
over as well as looking for a 2^ cohtnues until a 2 is 
equal to Z^^. 

. VVhen the Z^ has been detemMned.fimclion of the 
Zm*. 0(2^1 w calculated to provide a impedance. Z^. 
^ at which treatment (coagulation) b completed The 
output 103 of the peaVdetector 97 is cotrpledtoa thresh 
old determining circuit 96 which calculates the function 
of Z,,*, to determine the 2^.,. The output 99 of me 
mreshold determining circuit is representative of ^ 
when me measured impedance is equal to Z^. 

A corttinuoua comparison is insde between Z and f 
(Z^) « should be noted here that 1(2^ is continuously 
calculated as f (Z) unti a Z^ is detected. The compari- 
son is continuously made between Z and f(Z) until 7 mm±w 
is deteefMned. This does not have a significant conse- 
quence/ however, because It is anticipated that f(Z> will 
be larger than Z during tissue treatment and a premature 
coagulation complete slr/iaJ therelore w* ncit occur. 

trrmasured Z is less than or equal to the Zu^ then 
RF energy is continued to be suppfled and steps de- 
scribed above are earned out urrt a s^ 
vided to the cortfroser mat there is an coen ckcuitsio^eJ. 
short crcurt signal, a time over signal, or a coagulate 
complete signal if the measured Z Is greater than or Is 
•a"* 1 to "ZmW ln * n a •*9 nal * PWioWlotha"e6>ttrbte 
that coagulation has been completed. Again it is noted 
that in this embodiment Z has been inverted arKl shitted 
inwc^toaccommodaleZ,,^ determination via me peak 
detector 97. The impedance values referred to in mis 
paragraph are the actual impedance values 

The output 99, 2^^ of the truesTK>U determirong 
circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp too. The output 102 of the earn offset 
inverter 96 is coupled to the negative input 104 of the 
comparator lOO The comparator 100 compares me -Z 
> k representative value which is mpm to me negative 
input 104 of the comparator 100. to the 7 tamt represent- 
alive value which is calculated as a function of -Z^ ♦ k. 
if -Z +• k is tees than or equal to me Z^^ the comparaior 
output 105 wW be positive. That is. (f the measured Z is 
greater than tfZ*,,), a coagulation complete signal wiU 
appear at the output ICS of the comparator 100. 
Asiranalis p^ovioedtoacomrcte 
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the existence of one or more of these conditions the RF 
energy is automatically turned off by the controller. Fig. 
it illustrate* the system logic of the controller 79 The 
controller 79 includes a shon arcurt input 124, a coagu- 
lation complete input 1 25. an open circuit input 1 26 and 
a tme out input 127. as weH as a reset input 129. The 
controSer 79 also includes a RP control output 129 which 
switches on andtor off the RF generator delivery of elec- 
trosurgical energy to the tissue. As long as the output 
129 is a togc 1. the RF rs on. The output 129 is a logic 
1 when coagulate complete 125. time out 127, short cir- 
cuit 124. the open creut 126 and the reset Input 128. 
are art at a logic *0*. M any one or more of the Inputs 124. 
125. 126. 127; 128araaialopxM*maRFcon1roloutput 
129 is a logic "0* and the RF is turned off. 

A preferred embodtfnenr provides a control device 
which controls the generator energy output based on 
load impedance. The load snpedance is used to deter- 
rmne a preferred energy, level e.g., voltage, current or 
power level, based on a specif system toad curve for a 
generator, instrument anoTbrappecation. The control ds- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output according to the difference be- 
tween the two, i.e.. preferably to rwrwnue the difference 
between the two. 

The specific toad curve preferably jeflects the volt-.; 
age. currerit, power, for^a jan^ wW . 

opttmize performance of the instrument: The toad curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The load curve may vary from 
generator to ger^rator tor a pellicular instrument in use 
with the generator, or for a particular electrosurgical ap- 
plication of the generator. For exam p l e, in a one embod- 
iment using an instnjmeni T such as o^scnbed herein, 
three impedance ranges have been identified at which 
different energy requirements exist Initially tissue im- 
pedance is in a lower range, e g . approxvnataly 20 to 
100 ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of. impedances, e.g. approximately 
100 to 500 ohms, requires enough power to maintain tie 
coagulation pr ocess. A third range of higher vnpedances 
typically occurring towards completion of coag u la t ion, 
e.g. approximately 500 ohms and above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system, load curve in this embodiment would 
reflect both the inherent characteristics of the generator 
and voftage output at which optimum power «s dalrvered 
for a particular vnpedance. as well as the spec He power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10. a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votage Vrus signal 67 are ted back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an amy amplifier 62. The 
control device cautt the o«Mr«tor 70 lb produce volt- 



ages within a desired range based on a toad impedance 
fit to a specific load curve 

The impedance 69 is fed to a function fitting device 
61 . The output 64 of the lunction titling device 61 repre- 
5 sent ft a desired voltage based on the input impedance 
69 This desired voftage function is the voltage required 
for the generator 70 to produce a particular, pre-deter- 
mmed toad curve. Desired voftage output 64 along with 
actual voftage is fed into an error amplifier 62. The output 
65 of the error amplifier 62 represents an error voltage 
which ts fed into an analog multiplier 75 through a diode 
77. 

Alternatrvefy, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is nput into the lunction fitting do- 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current, power or other energy 
20 parameter. . 

The diode 77 ensures first quadrant operation of the 
analog muttiptier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscii al or 72 such that large 

,., error voltages at output 65 resuft in targe outputs from 

25 RF amplifier 71 And smal error voltages of output 65 
result in smaller PF output from RF amplifier 7 1 . Thus. 
... generator 70 acts as a closed-loop servo system based 
. .. on voltage such that a desired toad curve is obtained. 
The loop condensation device 63 acts to stabdure the 

jo servo loop. If an electrical parameter other than votage 
is used the form fitting function preferably outputs a sig- 
nal reflecting the difference in the alternative energy pa- 
rameter. . 

Referring now to Figures 6-9 a (tow chart Mustratas 

js a mefeod f or carrying out a microprocessor controlled 
embodiment of tie present invention When the system 
is turned on (block 20O). the variables including 2^. 
V+nm** 1 **—*- time over. andZj,,**. are Initialized (block 
201). The system continues to look for the activation of 

*o the RF switch (block 202). When fee RF switch ts turned 
on. the interrupts are set lor RF Switch (block 203), tor 
Shod Circuit (block 204), and Open Circuit (block 205) 
so that when one off these interrupt conditions occur, the 
micro p rocessor automaticalty goes to trie instructions 

4S associated with block 234. 

Aner the interrupts are set, the timer is started (block 
206). A sequence is run to check the RF amplifier hearth 
(block 207). e g.. to look lor an Amptfier On signal or to 
check rf certain votage* are in a suitable range. II the 

so ampHfier is operating properly. RF energy is turned on 
(blocks 208 and 209). 

rt the ampkfier is not operating correctly, an RF Off 
request is made (blocks 209 and 21 0) and a Hardware 
Faflure Alert flag is set (block 211). The system looks for 

*s a hardware failure flag (block 233). When the hardware 
feaure is detected, the controller provides a hardware 
failure atort indication and shuts off. (blocks 243 and 

2AA\ 
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U hardware failure is not indicated (block 233). then 

and 1^ is read (block 235) lo determine ft any volt- 
age or current is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 is reached, there 
should be no current or votege. If there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware faxure alert is indicated and the pro- 
gram rs stopped ( blocks 243 and 244). 

It RF energy ts turned on (block 209). then the V fm . 
and 1^ are read and the vnpedance. Z. is calculated by 
dividing the by the (block 212). The controller 
checks to see if the V #flAM# and flags are set. 

(block 213). These flags are set when a nwurnum thresh- 
old Voting* b present arid n minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V Mkl< and l >fim>l> flags are sat (21 3) the sott- 
* ware looks tor a ume over condition to determine if the 
device has been on for a penod of time in excess of a 
maxmum. If a time over condition is recognized, the ten- 
der flag ts set. RF energy is turned off (blocks 218 and 
21 9^ and a hardware failure check is run (block 233). 

After looking for a time over condition, the controller 
checks >for a short circuit or open circuit condition. II a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit ts set (block 220). RF energy is 
turned off (block 221). and a hardware fadure check is 
run (block 233) 

. The controller checks again for V.^ and l OTa b«> m 
block 222. before p ro ceed in g to the threshold detsmwv 
ing portion of the circuit illustrated in Fig. 8 It the voltage 
or current dkf not exceed V tlf ^ #(l or 1^ in blocks 214 
and 216. the controller iterates the sequence beginning 
at block 212 for detecting time over, short circuit, open 
circuit i s., the coagulation complete detection enable 
This enables the device to wart until enough current arid 
voltage is detvered to the circuit to check for the coagu- 
lation complete co ndition. 

lithe V,,^, and l,*^* flags are set, the short circuit 
and Open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219); the meas- 
uredimpedance used to determine if coagulation is com- 
plete as follows. 

The Z initial flag is sat during the first aeration and 
Zftf* is in ti tatty assigned the measured impedance value 
(blocks 223-225). tnftiaJy, is the same as the meas- 
ured CTvpeo*nceendtrutsbtcck227 
226 A calculation is made of f tZ^m) (block 228). As long 
as the measured impedance is less than me ^Z^), the 
sequence is iterated (229. 231). In the next iterabon of 
blocks 223-231, the newly measured impedance is com- 
pared to the previous me a s ur ed impedance which has 
been assigned Z^ (block 226). As long as me imped- 
ance o decreftsvtg, Z^ wttjbe reassigned me new vat- 
ue of me measured impedanca (blocks 226 and 227) and 
the steps repeated. When the measured impedance is 
oreeter man or •ouel to tf Z__Y • * IH» \h*mt***ri wmnmri 



ance. the coagulation complete flag is set (block 230) tf 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

If after trie nitial run through the program a hardware 

5 failure alert occurs (block 233. 236) or an interrupt oc- 
curs, me pr o gr am deterrranes the cause and indicates 
as such (blocks 233-242). The and 1^ are read, 
(block 235) If m> currant or vottageb being o^lrvered to 
the system, the controller checks to see I the open cx- 

10 curt, short arcu* or time over flags have been set (block 
237). If somen a signal indicates which flags have been 
set. and the program is returned lo start (blocks 240. 
242). Similarly, the controfter checks for the coagulation 
complete flag (block 239). tf there was the coagulation 
complete flag has been set i wW be indicated tor ten 
seconds (block 241). if not. « writ be indicated aenotcom- 
ptote (block 240) and the program win return to point at 
the start (block 242). Preferably me electrical compo- 
nents selected to carry out the steps of Figs. 6-9 are 

?o adapted to provide a complete iteration of el the steps 
at least every 1/50 second. 

R e f er r ing now to Figs. 1-5 there is illustrated an in- 
strument to be used In conjunction with the impedance 
feedback device of the present invention. An endoscopic 

2* linear cutting and stapling instrument 10 is shown reaving 
a housing 16 coupled to a shaft 30 with a tirrten extend- 
ing tharemrough and an end effector 15 extending from 
the distal end of the shaft 30. The end effector 15 com- 
prises first and second elements which are comprised of 

*o iritertaang jaw members 3& 34/ 

abfy secured to jaw member 34. The housing 16 has a 
clamping trigger 12 tor dosvtg jaw members 32. 34 Jaw 
uiewuei s 32. 34 are shown In an unctamped pos i tion in 
Fig. Z in * damped position prior to instalment firing in 

3$ Fig. 3. and in a clamped position after instrument firing 
in Fig 4. 

Jaw member 32 compri s es an anvil 18. U-shaped 
electrode 39 extendmg along the length of the jaw 32. 
and a U-shaped insulatkig material 31 suirounding me 
*o outside of me electrode 39. Ja w member 32 has an inner 
surface 33 which fades an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically communicating olectiorfe bars 27. 28 forming a 
first pole and located on and extending substantially 
+s along the length of the inner surface 33. The U-shaped 
ele ctro de 39 Is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel. The bars 27, 28 
are separated by a knife channel 29 extending tangsu- 
dinafly through tha mtddte of the electrode 39. Pockets 
so 36 located oh anvH 18 for receiving staple ends are lo- 
cated along me inner surface 33. lateral to and outside 
of bars 27. 28. The elec tr ode bars 27. 28 and insulating 
material 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig 5). The elec- 
ts uode 39 acts as a first pole of a bipolar system. The envtl 
18 is formed of an •taetricaty conductive maienal and 
acts as a second pole of the bipolar system, electrically 
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tated from the electrodes by the U-shaped insulating ma- 
terial 31 

Bipolar energy may be supplied to the end effector 
15 from electrosurgjcaJ generator 40 (fig. 10) through 
wires 1 9, 20 extending into the body 16 of the instrument 
The generator 40 is user controied by way of switch 42 
(ftg. 10). Wire 19 provide* electrical current to the elec- 
trode 39 through electrical contact means extendmg 
through shah 30. Wire 20 carries a current to the anvi 
18 and is coupled to the envrf 18 through an ele ctr ic al 
contact meant extending through the shaft 30. The elec- 
trical circuit is closed when and only when the clamping 
trigger 12 is dosed. A means of co nnecting the wire to 
the corresponding electrode as wefl as instrument actu- 
ation means are described in parent application S.N. 
08095.797, incorporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 includes a I rack 25 for wedge 1 3, a knife 
chanrMt 26>extef«*ia^^ center 
of the cartridge 23. a seoes of drivers 24 extending Into 
the track 25 and staples 17 arranged in two sets of par- 
allel double rows. When tissue > engaged between 
clamped jaw members 32. 34. a firing trigger 1 4 located 
on housing 16 may be actuated to advan ce a cutting ei- 
ement 1 1 through the engaged tissue to cut the: tissue. 
Simultaneously, when the firing trigger; 14 is ac tu at ed; 
the wedge 1 3 is advanced mrbogh this track 25 causing 
the drivers to 24 to disptace towards the staples 17. 
thereby driwtg the staples 17 through tissue and into an- 
vil pockets 36. 

In operation; the efKfeflector 15 c4 0>e instrument is 
located at a tissue site whore tissue is to be treated. The 
jaw members 32. 34 are opened arid tissue is tten 
placed between 0>a rtarfacing inner surfaces 35. 33 re- 
spectively of jaw mernbars 32; 34. IThe cla rnpmg trigger 
1 2 is squeezed to cause the few members 32. 34 to dose 
to locate and compre ss tissue betwee n the interfacing 
inner surfaces 33, 35. The closure of the dampog trigger 
12 also closes the electrical circuit When the tissue has 
been appropriately actuated between the jaw members 
32. 34, a user may apply RF energy from the generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue be tw ee n the electrode 
39. i.e.. the bars 27. 28. and the anvi 18. 

After the RF energy is turned off. ma controller indi- 
cates the irtstrument status. a.g.. open circuit, short cir- 
cus, coagulation complete, time over. It the coagulation 
complete status is indicated, the firing trigger 14 may be 
actuated to advance cutting element 11 through kn'a 
channels 26. 29 to cut en ga ged tissue be tw ee n the bars 
27. 28 where the tissue has been cauterized. Simuftane- 
ousty. the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to tire staples 17 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to the coagulation tnes formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
longitudinal/ double rows on each side of *te cutting**- 



ement 11 as the cuthng element it cute the tissue. 

The invenaon described and the specific detads and 
the manner in which a may be carried out having been 
exemplified it will ba readily apparent to those staled In 

$ the art that innumerable variations, mcxlilcalions, and 
extensions of the basic principles involved rnay be made 
wshout departng Irorn the spirit and scope of the present 
inv e n ti on. The impedance feedback system as de- 
scribed above is used to indicate when sufficient cautof- 

io ization has occurred. Whan ciwy u ta e o n is complets. a 
signal may be provided by a controller to a user, or a 
muiotte t may eutomaticaBy turn off the RF energy. Oth- 
er signals may ba provide d to an instrument user as wol. 
For example a tone conasponding to the measured im- 

>5 pedance may be provided to a user to audbry monitor 
the change in impedance. 

It is also intended that this deyjcaandyor method be 
used win numerous types of electrosurgicai instruments 
inducing mortopoiar, blpotef arid muMpotar configure* 
tlora. The im pe dance f eedb ack systemmay be included 
in part or in whole with tie actual instrument, as a sep- 
arate unit sncVor with the energy source or generator. 
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A control device composing* ' 

impedanca measurernenl circu^ adapted to 
be rottptsil to.tlsst J i prvilartin q s^nrtrnftts assftft- 
ated wih a uM u e u aa tiy j porbon of a surgical 
instrument and to an snergy source adsoted to sup- 
ply therapeutto alectmsu^ 



an snergy control signal adapted to c^vitrot RF 
energy, s up pssd from said energy source to said 



wherein said jmu e iij r i ce mea surem e n t e»- 
cunry is adapted: 

to measure the irnpedance of fissue engaged 
bysakfttssoe-trea*r^poriion 



4S 



to determine a minimum impedance value; 
to determine a target impedance value as a 
functte of said rnsisrim 

to compare meeiurert impedance values to 
said target irnpedance value: and 

to alter said energy control signal when said 

target 



2. The control devica of claim 1. wherein 
ance measuring drcutry inctijdss: 

a first devica lor deterrnMng tf 




first device for 
as a tunc- 
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ance values lo satd target impedance value and for 
generating a signal ndcatmg whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

5 

3. A control device adapted to be coupled to an energy 
source for providing electros urgicat energy to tissue 
to be treated, the control device compound/ 

a first input for receiving at least one of a first 
signal representative of voBage delivered from said 
energy source to said tissue and a second signal 
representative of current detvered from said energy 
1 source to said tissue: 

a second input for receiving a Ihvd signal rep- 
resentative of a target impedance for said tissue on is 
ihe energy source, determined from the first and 
second signals; and 

a function filling device for providing a fourth 
signal representative ol desired energy output 
according to a system load curve, the fount) signal so 
corresponding to desired energy output forthe tar- 
get toad impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load « 
impedance: and 

control the energy source to bring electrosur- 
gical energy delivered by the energy source to the 
target wMn a range of desired energy output based 
on said system load curve. jo 

4. The control devkacTclam^ 

parison device for comparing sad fourth signal, rep- 
resentative of desired energy output, to at least one 
of said first and second signals: said comparison 
device being adapted to provide a control signal lor 
controlling said energy source: 

S: The control device of claim 4, where*) said control 
< signal represents a difference between said fourth <o 
signal and said at least one of said first and second 
signals. 

6. A generator for providing etectrosurgacal energy to 
an electrosurgical device said generator compris- 
ing: 

an electrosurgical energy source lot providing 
electrosurgical energy to said electros urgtcal 
device: and 

a control device according to any one of claims 
t to 5, 

■- wherein the control device a arranged to con- 
trol the output of said energy source. 

7. : An electrosurgical device lor treating tissue dunng ss 

a surgical procedure, the electrosurgical device 
comprising: 

etectricafty isolated first and second elec- 



trodes adapted to contact tissue to be treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue; and 

a control device according to eny one of claims 
1 to 5. 

wherein the control device is adapted to con- 
trol Ihe output of said electrosurgical energy 
between said electrodes. 

8. An electrosurgical device tor treating tissue during 
an electrosurgical procedure, the electrosurgical 
device comprising! 

etectricaty isolated first and second elec- 
trodes «ta«*od to centres! tsssua to bo treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue: 

an efeetroturDicaf energy sotra for providing 
said electrosurgical energy to said electrodes; and 

aconWdevice.accc«dmgtoar^ 

no s. ; ;< ; 

wherein said ccrrtrcJdevice^ 
trol the output from said electrosurgical energy 
source to said electrodes. 

S. the electrosurgical device of claim 7 or 8, wherem 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

10. The electrosurgical device of etaim 9, wherein eaid 
second electrode ts Iocmedontr>e c4hef oneof said 
first and second eleme nts . 

11. The electiosurgxaJ device c4 wherein: 

said first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be eiectrosurgtoafly treated, 

said first and second electrodes each com- 
prises one or more electrode, elements located on 
said interfacing surfaces; and 

sab first and second electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 
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